Purpose: To explore the experience of pain and discomfort in users of electric powered indoor/outdoor wheelchairs (EPIOCs) provided by a National Health Service.
Introduction
Pain and discomfort are commonly experienced by wheelchair users [1] [2] . Much of the literature relates to musculo-skeletal pain experienced by self propelling wheelchair users who experience arm pain, often in the shoulder [3] [4] [5] , wrist [6] or neck [7] . Indeed the presence of wheelchair users' shoulder pain is an indication for powered wheelchair use [8] .
The concept of 'powered mobility' is very broad and the literature often embraces scooters under this terminology [9] [10] . Powered wheelchairs may themselves be computerised or the base for robotic aids to independence [11] . Provision of powered mobility in the UK through the United Kingdom National Health Service (NHS) has however been strictly limited to those fulfilling eligibility criteria [12] . Since 1996 Electric Powered Indoor/outdoor Wheelchairs (EPIOCs) have been provided by the NHS. They are bigger than electric powered indoor chairs (EPICs) which were the only powered wheelchairs provided by the NHS prior to 1996. EPICs are designed to be used around the home, are compact and have a maximum speed of 2 miles (3.2 kilometres) per hour. By contrast, electric powered outdoor wheelchairs (EPOCs) are designed for use on many terrains (including roads) with a maximum speed of 6 miles (9.7 km) per hour and remain seldom provided by the NHS. EPIOCs fit in between these two chairs with a maximum speed of 4 miles (6.4 km) per hour and therefore are a compromise, being designed to be used from bedroom to shops via pavements. Recently the boundaries have become blurred with many EPIOCs developing features previously only seen on EPOCs. Thus some EPIOCs now have a suspension to help provide a smoother ride and powered tilt-in-space and recline features are now more readily affordable and on many models.
Pain or discomfort are experienced by 26% of EPIOC users early after EPIOC provision [13] , but this rose to 46% when a similar population of EPIOC users were reviewed 2 years after 5 provision [14] . For some, this pain might be severe and may increase during the day [15] . These studies have not differentiated between pain arising from the underlying impairment [16] [17] [18] [19] or pain relating to the wheelchair and its use.
EPIOC users sit in their chair up to 15.5h per day [15] , on average about 10h [14] . As most have impaired ability to move inside their chair (because they are a severely disabled population dictated by the eligibility criteria [13] ), some discomfort would be expected.
However, many will require specialised seating in order to counteract their postural instability [20] . Indeed, many users need postural support over the 24h period and a large number of systems are available to "optimize the disabled person's ability to function" [20] . The authoritative review of specialised seating [20] does not include any discussion on the value of specialised seating on pain relief. However, it has been demonstrated that adult users of powered chairs rate comfort as the most important objective for their adaptive seating [21] and providing comfort in addition to providing support was highly rated by parents of children using wheelchairs [22] . The need for changing support over time has been reported in users with muscular dystrophy for whom pain was a major issue [23] .
The primary purpose of EPIOC provision is to seek the best compromise between facilitating mobility, postural support and environmental utility. It is the complexity of the (often) multiple impairments [24] and the interaction with the user's environment and lifestyle that dictates these compromises. Some of these compromises may result in users' experience of pain and discomfort being aggravated by the prolonged period of sitting which these chairs are designed to facilitate. Little is known about how powered wheelchair users cope with this pain and discomfort. While it is known from clinical records that some have been prescribed analgesics, what is not known is how medication or other strategies are used to alleviate pain. users themselves. Thus, much might be learned from users by exploring the strategies they use to diminish their pain and discomfort -an area which appears not to have been investigated in a powered wheelchair user population.
The aim of this study was to explore the 'lived' experience of pain in a cohort of powered wheelchair users about one year after provision of the wheelchair, and the strategies used to minimise the pain and discomfort.
Methods
This study used a qualitative research approach to elicit a range of views from EPIOC users. In addition, the study also utilised diagnostic and quantitative data to complement and enhance the qualitative findings [25] .
The setting
The Specialist Wheelchair Service at Stanmore was set up in 1997 in response to the new NHS provision of Electric Powered Indoor/outdoor Wheelchairs (EPIOCs) [12] . It provided a regional service for a population of around 3.1 million people from both rural and inner city areas. Further details have been reported previously [26] , as have the eligibility criteria for the provision of an EPIOC [13] . These criteria were subsequently applied to all referrals irrespective of age.
However, age-related appropriate levels of independence were required of children.
Participants and recruitment
All EPIOC users (N = 74) identified on the Stanmore Specialist Wheelchair Service departmental database who received their chair between February and November 2002 were invited to participate. Following provision of information about the study 64 consented verbally to participate. Parental consent was obtained for those under 16 years of age. Harrow Research Ethics Committee approved the study for both children and adults.
Interview methodology
A qualitative approach was used to investigate the perceptions and experiences of the respondents and to understand their interpretations of their experience of pain and discomfort when using an EPIOC.
There are several qualitative research methods available [27] and the most appropriate for this research study was the 'FrameWork' approach [28] [29] [30] . This approach allows for in depth interviews to be carried out using a topic guide where the topics form points of focus for a conversation between the interviewer and respondent. The Framework approach is appropriate for identifying themes related to perceptions and for understanding the views underlying people's experiences. It has been used previously with EPIOC users [26, [31] [32] and back pain patients [33] [34] [35] [36] [37] . The approach allows for consistency in the interview method and also flexibility in the flow of the discussion [38] . The topics guiding the conversation are those related to the research questions, in this case experience of pain and discomfort and the strategies used to minimise them.
This research formed part of a wider programme of research focussed on the 'lived' experiences of EPIOC users living in the community [13, 23, 26, [31] [32] [39] [40] [41] . The aspect of the research reported here sought to explore the impact of wheelchair users' pain and discomfort on their everyday lives and the strategies they used to alleviate their pain.
Procedure
Appointments were made and interviews were carried out by telephone in order to reduce logistical barriers to research participation [42] . Because of the severity of their impairment, 18 users needed assistance to complete the interviews. This consisted of help from a reading assistant for those using communication aids and screen writing, or assistance with interpretation for users with speech or hearing impairments. This is similar to the communication methods used by participants in previous research with people with similarly profound impairments [43] .
Assistance was also provided in cases where the user was unable to hold a telephone without help and the questions and responses were relayed by the assistant. The forms of assistance provided were mainly to allow for audible comprehension and as a method to relay the users' views directly to the interviewer. We decided to use this method in order to allow all users equal opportunity as research participants to voice their views and perceptions, rather than setting up restrictions in the methods that could exclude the full participation of those with profound communication impairments. For the 18 users needing help, those providing the help were parents, spouses or formal carers. The assisted responses are identified by an asterix in the text.
Forty-six users completed interviews without any assistance and interviews were carried out 10-19 (mean 14.3) months after chair delivery.
A researcher independent of the NHS wheelchair service carried out the interviews. This was clarified to participants along with the steps to be taken to allow for total anonymity and confidentiality. A priori interview topics were determined based on items from the EuroQol EQ-5D, such as pain/discomfort, and independence [44] . This has been used previously with adult EPIOC users [40] . The topic guide also included issues raised during a pre-study interview with user group representatives to reflect the full spectrum of user's experiences and views. Care was taken in the wording of interview questions to take an open stepped approach in the ordering and information about previous chair use.
Methods of analysis
The accuracy of the interview data was checked by comparison of each transcript text with the original audio recording. Thematic analysis was applied using the process described by Ritchie et al [28] for the analysis of contextual qualitative data. This method tends to be more structured than those analytical methods used in other qualitative research as it is more explicit and more strongly informed by a priori reasoning [45] . Themes related to the topics of research interest were extracted from the data and organised into charts and tables. The analysis then focussed on refining the evolving themes and identifying the range and pattern of the users' perspectives. An interpretative analysis was carried out to provide explanations for the findings.
Demographic and diagnostic data were analysed using Excel 2003, to determine proportions and percentages of the study population for descriptive purposes.
Results

Participants
Sixty-four EPIOC users participated in the study. The users consisted of 32 men with a mean age of 46 (range 12-75, SD 18.5) years and 32 women with a mean age of 38 (range 10-81, SD 23.5)
years. Their diagnoses were predominantly neurological and are shown in Table 1 [26] . Users had been in receipt of their EPIOC for a mean of 14 (range 9 -19) months. 
Interviews
Forty six interviews were completed by users alone, whilst eighteen were completed by a user and a carer as co-respondents. Twelve of these were a parent with a child EPIOC user (11 mothers and one father), three were partner/spouses, two were children with a parent chair user and one was a lay carer of a disabled individual. Results reporting findings where a carer was a co-respondent are identified with an asterix. Age-related groups from this cohort have been described previously [31] [32] .
Emergent themes
nature of the support structures of the chair, posture and seating, pain and discomfort when out and about in the EPIOC and pain relating to the underlying medical condition.
The experience of pain
In response to the questions posed, 55 (86%) users reported experiencing pain or having strategies for pain relief relating to sitting in past or present wheelchairs. Forty-three (67%)
experienced pain using their current EPIOC. Eleven (17%) described their pain as severe, five Only one user without pain (n=21) had a musculoskeletal diagnosis whilst three with severe pain (n=11) had such a diagnosis. Those reporting no pain had 12 users with congenital impairments or a muscular dystrophy compared to only two with severe pain.
Analysis of the 'in-depth' interviews indicated that 38 (59%) users described ways in which they felt their pain was influenced by their EPIOC and 19 (30%) reported pain or discomfort aggravated by sitting. An important emerging theme focussed on pain in relation to the duration of sitting:
"When sitting for long periods, the pain gets progressively worse" [user 4, cerebral palsy,
For some users, the problem was attributed to the seating system: anyone, if you're sitting in the same position, you just get up, don't you, but he can't, so we just move him" [User 54*, Acquired neurological disorder, aged 61].
Other users reported pain relief following adjustments to the EPIOC: 
Pain relating to the underlying medical condition
Fifteen users made miscellaneous comments relating to their pain, of which five users specifically commented that the pain related to their underlying illness rather than wheelchair related issues, although one of the five was not certain, and two users also specifically 
Strategies for pain relief
In response to queries 45 (70%) users reported a strategy for pain relief. The strategies used comprised two main categories:-firstly strategies that involved the wheelchair user carrying out actions of their own volition that ameliorated their pain and discomfort and secondly strategies related to the need for adjustments to the wheelchair or its constituent parts which were the responsibility of the wheelchair service.
The most frequently used self-help strategy was use of analgesia which was reported by 30 (47%) users. Most of the users taking analgesics did not specify the nature of the analgesics, although four were taking codeine preparations and one user took Tramadol. Some users reported taking muscle relaxants and antispasticity medication. A minority took two or three different preparations. Other comments related to the suitability of the wheelchair and its component parts to the comfort of the user. Appropriate adjustments to the assistive technology were reported as alleviating the pain and discomfort in addition to the alleviation of other problems e.g. pressure sores.
Use of recline and/or tilt was reported by 3 (5%), and adjusting footrests/armrests and pressure relief were each reported by 2 (3%):
"It has a tilt back which makes it easier to get into and more comfortable." [User 30, multiple sclerosis, aged 69].
Four users reported medical strategies for pain relief such as use of transcutaneous electrical nerve stimulation, rubbing cream into a foot, having a transfusion and attending a pain clinic.
Three did not report having pain but made comments about its relief and one user reported pain but had no strategy for pain relief.
Discussion
Two thirds of EPIOC users in this cohort described themselves as being in pain or discomfort when sat in their wheelchair, of which nearly two thirds of those in pain used analgesia, confirming that pain is a major issue for EPIOC users. The pain was described as severe for a minority (17%) of users. According to the respondents, the provision of backrests, armrests, footrests and cushions might alleviate or exacerbate the pain and this emphasises the importance of appropriate assessment for equipment provision. Service providers need to utilise the users' self assessments of comfort in making this provision. Appropriate support for weakened body structures is likely to be equally important for those with or without a painful underlying condition. Many users will also have musculoskeletal comorbidities in addition to their primary diagnosis. Thus a report of 544 EPIOC users showed that the third most frequent diagnosis (inclusive of comorbidities) was spinal pain, noted in 13% of the cohort [46] .
Our findings report the pain experiences of EPIOC users after they have been using their wheelchairs for over a year. Providers need to be aware that pain due to provision of the EPIOC is more likely to arise some months after supply of the wheelchair. The current lack of follow-up arrangements prevalent in some wheelchair services is likely to result in peoples' pain being inadequately addressed.
The development of new services for the provision of powered chairs in the UK has had a clear focus on mobility issues rather than addressing wider issues relating to participation in the community [24] . Thus wheelchairs with a riser function are seldom available through the NHS.
This function raises the body of the user to a similar height to non-disabled colleagues, family or friends to facilitate: communication and reduce awkwardness, access to cupboards at home or at work and access to books in libraries etc. However experience in delivering services to this severely dependent group of users has indicated a need to look at their health and quality of life in a more holistic manner [40] and over a period of time.
Aggravation of pain
Our users appear to describe a progression in their symptoms which might begin with a little stiffness but end up with a need to change position (which for many is impossible without Pain in powered wheelchair users
Resubmitted to Disability and Rehabilitation 25/08/2011 20 assistance) or to take medication. It has been shown that for some users pain increases dramatically in relation to the time spent sitting in their EPIOC [15] . In this study one of the main findings was of consistent reports from EPIOC users of pain due to prolonged sitting in their chair. However it is possible that this is an unavoidable consequence of the strategy to provide a fully supported chair with minimum requirement for painful and costly (to users, family or paid carers) transfers. This was certainly a view of a number of users.
The findings in this research demonstrate that the provision of technology can affect the levels of pain and discomfort, either positively or negatively. These EPIOC users were very clear when reporting discomfort relating to small details of the wheelchair e.g. the position of back, arm or foot supports. The findings reported here provide some insight into the expertise acquired by the EPIOC users into managing their own conditions on a day to day basis. Their knowledge and experience is essential in order to ensure that the equipment provided is actually meeting their precise needs. Therefore, user feedback should be actively sought in all assessments. It is recognised, however, that the final best fit chair for the user will often be a compromise after consideration of environmental and personal circumstances.
The importance of the relationship between poor posture and increased discomfort was mostly reported by parents and teenage users. It is likely that this reflects growth of young people whose growth spurt may be faster than a service can respond to. This has been previously reported for young EPIOC users with muscular dystrophy [23] . In conditions like cerebral palsy, this might also reflect increased spasticity along with growth in the teenage years.
The findings in this study also draw attention to the fact that correctly applied seating and adjustments to the EPIOC are important for pain relief. Indeed, in the user's mind, the association of pain consequent to inadequate support in the wheelchair is so obvious that it is often not stated. The British Society of Rehabilitation Medicine's National Clinical Guidelines on Specialised Wheelchair Seating did not specifically identify significant pain as a major issue, although they called for further evidence on wheelchair users' comfort [20] . They noted the relationship of comfort to prolonged sitting, as well as the need for careful reassessment during years of rapid growth. This is clearly a matter of concern to young EPIOC users and their parents and further research into this issue is needed.
Until recently EPIOCs lacked important features of electric powered outdoor chairs e.g.
suspension. This data supports the view that the lack of suspension is a considerable factor in aggravating wheelchair users' pain through jolting relating to travelling over uneven surfaces, kerbs and so forth. The association between vibration caused by going over uneven surfaces/pavements has been investigated in able-bodied people using wheelchairs for research purposes [47] [48] . It is widely accepted that pain, particularly back pain is common in car drivers exposed to whole body vibration including shocks and jolts [49] . In the light of both the available evidence and the reports from these wheelchair users, further research in wheelchair users would be warranted. Although these environmental hazards appeared not to prevent most of the EPIOC users in this study from going outside it may well limit the likelihood of going out, particularly for older users [32] .
It is not clear why pain was experienced more in the older users. Whilst one would expect musculoskeletal problems to be painful, they represented a small proportion of this sample.
However, many of these users had neurological conditions that would be associated with painful spasticity or neurogenic pain. This sample of users had a wide variety of conditions, none of which dominated the group reporting extreme pain. It is not clear from our findings whether or not the pain is primarily due to suboptimal EPIOC support, changes in the underlying medical condition or inappropriate pain medication. It is likely that a combination of factors is present for many. This emphasises the importance of a multiprofessional approach to meeting the seating needs of these profoundly dependent users.
Alleviation of pain
Two major themes emerged. One focussed on the needs and actions of the individual, whilst the other related to their interaction with their EPIOC. The majority of users reported their own individual strategies for pain relief, although many took medication as part of those strategies, there is also strong evidence of a range of self-care strategies. Some of these may have been carried out as a result of advice from health professionals (e.g. exercises) but some are clearly strategies drawn from alternative medicine (e.g. herbal remedies). The users also reported strategies that they had often initiated regarding adjustments to their chairs, which were primarily the responsibility of the service provider.
The importance of cushions, and having the right type, was a significant finding. This is not surprising because pain induced by prolonged pressure might be minimised by use of appropriate pressure relieving cushions [50] , and might inhibit some of the worst effects of jarring and jolting. It was disappointing to note the problems some chair users had in acquiring a comfortable cushion. In our experience, many service providers have an inadequate stock of cushions to facilitate a trial period of sitting and have not developed a pattern of service provision that allows users to sit on a trial cushion for a reasonable period of time. Other commonly used strategies reported by our users included wriggling inside, and getting out of, the chair for those able to do so. However, only some individuals had enough independent movement to use this as a strategy. Some parents physically moved their children to help alleviate pain but for this group of EPIOC users there will be some who cannot move for themselves or be easily moved by another person.
Powered tilt and recline are established methods of increasing comfort [21, [51] [52] . It has been found that powered wheelchair users utilised their powered tilt-in-space and/or recline functions at least hourly, spending more than one third of their time in tilted and reclined positions [51] . At the time of this study (2002) EPIOCs with tilt were not readily available and only a few users would have been offered a recline feature. Our current experience is that the combination of tilt and recline features can make an enormous difference to the experience of pain because users have a large number of postural options with these facilities [21] , in addition to the numerous other advantages of such systems, as described by the Rehabilitation
Engineering & Assistive Technology of North America (RESNA) [52] . Advances in assistive technology are likely to continue to provide resolution of pain and discomfort, at least for some EPIOC users. However, the increased cost of providing assistive technology may result in it being available for fewer users. 
Limitations of the study
Points for service commissioners
EPIOCs do not just provide a social function to increase participation -important though that is.
They also improve comfort and well-being and have clinical therapeutic implications.
Appropriately prescribed chairs may reduce analgesic consumption and the risks that follow from analgesic use (e.g. constipation resulting from opioid consumption in a group already predisposed to this problem).
There are cost implications to providing the most appropriate chair -particularly in the provision of tilt-in-space features which may often be linked to provision of a recline function to reduce painful hip flexion or back pain without users sliding down in their chairs with the additional risk of skin breakdown. Likewise there are cost implications to providing adequate follow-up visits. Commissioners would be advised to commission research into the most appropriate form of follow-up to detect adverse health outcome following provision of a chair e.g. pain or pressure sores.
The financial implications of the capital cost of providing the most suitable wheelchair can sometimes be minimised by appropriate use of the voucher scheme with charitable partners or the Department for Work and Pensions when the user is working [53] .
Points for clinicians
In the United Kingdom, the importance of wheelchair and specialist seating provision is embedded in The National Service Framework for Long Term (Neurological) Conditions [54] .
Clinicians need to understand the importance of appropriate wheelchair features to give adequate support for weakened limbs, spine and trunk. These needs change over time because the condition of the user might change (deteriorating condition, adolescence, gain in weight and so forth). Consequently, users of Specialised Wheelchair Seating provision require regular review which is frequently lacking [13, 23, 32] . In addition, and in the light of these results, the views and experiences of the EPIOC users should form part of the formal review.
Individual EPIOC users have complex disabilities, often relating to multiple impairments.
Some of their diagnoses will have pain as a known symptom. Therefore, it cannot be assumed that all reports of pain are due to wheelchair and seating problems. Rehabilitation professionals need to have a clear understanding of both the underlying condition and the impact of the chair on the pain. Successful management will require careful balancing between assessment and treatment of the underlying health condition and the prescription of assistive technologies. The chair user should have full participation in their management which clinicians should ensure by inviting views to be expressed. Pain experiences reported by the chair user while not using the chair (e.g. when lying in bed) would suggest that the underlying problem needs addressing.
However, this problem itself might be aggravated by inappropriate wheelchair and seating provision.
Conclusion
The EPIOC users described many experiences of pain related both to their powered chair and seating and to their underlying condition. They had developed a variety of strategies for alleviating the pain or coping with it.
Their reliance on specialist help and support to gain the correct assistive technologies was essential for reducing their pain and improving their comfort. However, current provision remains imperfect and improvements will best be achieved by rehabilitation professionals working in partnership with wheelchair users to achieve appropriate pain management over time.
